Smart Power Turbine Project

DOE-NETL Cooperative Agreement DE-FC26-01NT41021

Technologies for DOE Smart Power Turbine:
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Project Objectives:

* Fuel LHV measurement — strategic partner Sandia National Laboratory.

* Flame temperature sensor - GE High bandgap semiconductor photodiode
» Coating life odometer - Taggants which detect incipient coating loss

» Adaptive supervisory control / optimizer
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Smart Power Turbine: Flame Temperature Sensor

* Build on success of existing SIC flame detector.
 Existing sensor detects flame on or off.
*Dual photodiode with wavelength discrimination for temperature measurement.
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Theoretical — Analysis

Approach

 The various molecular emission
spectra can be smulated as a function
of pressure, temperature and
wavelength to match a range of
conditions.

* No significant difference in
emission flux is observed asa
function of widely varying pressures
(1 to 20 atms).

* This output was used for a
prediction of the detector ratios over
the temperature range of interest.
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Temperature causes shift in
wavelength of gas emissions.
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Smart Power Turbine: Coating Taggant system
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Presence of coating taggant in exhaust gas
signals critical loss of coating
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F-Class Gas Turbine

Online detection scheme
 Ceria CeO,

Rare earth materials chosen for low * Dysprosia Dy,0O,

background signal and compatibility —|—] *Hafnia  HIO,,
with TBC: * Europia  Eu,0,




Designed Experiment on taggant composition

» Screening of effect of taggant- composition
on properties
— 2.5Wt%, 5wt %, 10 wt %, 25wt % in
8Y
— 8Wwt% in Zirconia Taggait wt %

— Property evaluation - Tensile, modulus,
FCT, fluorescence and phase stability

e Thermal stability
— Baseline against 8Y SZ
— Temperatures: 1000, 1200, 1400 °C

— Need agood mechanical test to set the spec
limit on destabilization

wt % Y,0,




Smart Power Turbine: Fuel LHV sensor

Fuel guality is anincreasingly significant problem

Commercial SOA Sandia Labs MEMS technology

rh

i b -
s (W ~10 minutes response
] +calculated LHV

| 4
0

]

.
sk
&
=
j |

| i

*millisecond response
direct calorimetric LHV
+distinguished by constituents

E Prootietatw 13



Smart Power Turbine: Adaptive Supervisory Control

* Supervisory Control provides input to
base controller in real time.

* Input sensor data dictates real time limit
on T fire subject to NOX and other
constraints.

Optimizing Algorithm
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y Smart Power Turbine Project

System Integration and Testout

* Have had severa runsinthe atmrig for the FTS.
» Gearing up for acombined run in Cell 5 for March.
e Testing taggants online detection and FTS.

Control Room and
Single Combustor Rig
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